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The present study was designed to examine how adults, children with typical language 
development (TLD), and children with Specific Language Impairment (SLI) process words 
from sparse and dense phonological neighborhoods, using the Cross Modal Picture-Word 
Interference Paradigm. The participants were asked to label a picture presented on a 
computer screen, while ignoring auditory distractors (interfering words or IWs) presented 
over headphones. The target items were manipulated according to neighborhood density 
(high and low density words), and the auditory distractors were either identical to the target, 
a neutral distractor (good), phonologically related (by rhyme), or unrelated to the target item. 
The interfering words were presented either before the target item ( -750, -450, or -150 ms ) 
before the picture, or after the picture ( +150 ms ). Participants were asked to name the 
pictures as quickly as possible, while ignoring the auditory distractors. Reaction times and 
error rates were measured.  
Eleven children with SLI (6;5-10;1), ten children with typical language development 
(6;10-10;2), and 22 young adults participated in the study. The results revealed that adults 
demonstrated increased sensitivity to rhyme-related distractors in the Low Density condition 
only, reflecting less detailed phonological representations of low density words. Children 
 v 
with TLD and SLI both demonstrated less interference of related IWs in both the high and 
low density conditions. There were no significant group differences in reaction time or 
overall error rates. However, the SLI group produced significantly more errors on low 
density words than the TLD group. In addition, children with SLI demonstrated similar 
response time differences for the related and unrelated items for both density types, while the 
children with TLD appeared to benefit more from the related distractors in the low density 
condition. The results are discussed in relation to the Lexical Restructuring Model (Metsala 
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CHAPTER 1: INTRODUCTION 
 
Children with Specific Language Impairment (SLI) have significant difficulty in lexical 
development and in word retrieval (Gray 2004, 2006; Leonard, 1998; Messer & Dockrell, 2006; 
McGregor, 1997). Some researchers attribute their lexical deficits to poor phonological 
representation and processing (Gray, 2004; 2006; Messer & Dockerell, 2006); however the 
nature of this posited deficit has not been fully explored. The current study examined the time 
course of phonological processing in children with and without SLI, and adults.   This 
information adds to our understanding of differences in lexical organization in children with SLI 
in comparison to their typically developing peers and adults. It also elucidates the nature of 
lexical processing differences in adults and in children with and without SLI.  
Lexical Deficits in Children with Specific Language Impairment 
 
Children with SLI demonstrate protracted lexical development and difficulties in word- 
finding abilities into the school-age years (Leonard, Nippold, Kale & Hale, 1983; McGregor & 
Leonard, 1989; Messer & Dockerell, 2006; Newmann & German, 2002). Onset of first words is 
often delayed (Leonard, 1998; Trauner, Wulfeck, Tallal, & Hesselink, 2000), with overall 
vocabulary growth occurring at a slower rate than in children with Typical Language 
Development (TLD). As children with SLI begin to enter the school-age years, their lexical 
deficits persist. These deficits are often characterized by a smaller productive vocabulary, 
naming errors, and difficulties in word-finding/retrieval with familiar words. These word-finding 
deficits (WFDs) are characterized by a breakdown in the retrieval of a word, resulting in the 
production of reformulations, filler words (e.g., um, uh), nondescript words (e.g., stuff, thing), 
long pauses, and substitutions (German, 1982; German & Simon, 1991). When children 
experience word-finding deficits, they experience difficulties in producing words during 
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discourse and in confrontation naming tasks, but their comprehension of these words is intact 
(Dapretto & Bjork, 2000).  
A weak phonological system is believed to be a possible reason underlying lexical 
deficits in children with SLI. Children with slow expressive vocabulary development have been 
noted to have compromised phonological skills, exhibited by low accuracy in production of 
consonants, a limited phonetic repertoire, and less complex syllable shape structures when 
compared to their peers with TLD (Paul & Jennings, 1992; Rescorla & Ratner, 1996; Roberts, 
Rescorla, Giroux, & Stevens, 1998). Lexical deficits that persist into the school-age years have 
also been attributed to the children’s phonology. Although children with SLI appear to have 
difficulty in accessing both semantic and phonological information, there is evidence suggesting 
that their phonological representation is weak (Gray, 2004; 2006; Messer & Dockerell, 2006). 
Children with SLI demonstrate deficits in phonological working memory (Gathercole & 
Baddeley, 1990; Montgomery, 1997) and non-word repetition tasks (Dollaghan & Campbell, 
1998; Ellis Weismer, Tomblin,  Zhang, Buckwalter, Chynoweth, and Jones, 2002), which 
indicate that the underlying phonological representation and processing are unstable.  
In naming tasks, children with SLI demonstrate more errors and slower response times 
than typically developing peers (Lahey & Edwards, 1996). Because the majority of their errors 
tend to be semantic substitutions (Lahey & Edwards, 1996; Messer& Dockrell, 2006; McGregor 
& Apel, 2002), these errors have been attributed to difficulty in accessing the phonological 
components of the target word (McGregor, 1994; Messer & Dockrell, 2006). The semantic 
information that is related to the target word is activated, but because the phonological properties 
are difficult to retrieve, the child in turn substitutes a semantically related word (Ruben & 
Liberman, 1983). Phonological errors produced during word retrieval also indicate difficulty 
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selecting the appropriate phonemes for production. These errors can be accounted for according 
to models of lexical access that have been applied to adults and children.  
Lexical Access in Production 
The typical course of lexical access begins with an initial stage, the selection of the  
lemma, where the semantic and syntactic information of a word are accessed. This is followed by 
the selection of the lexeme, which contains the phonological properties of a word (Kempen & 
Huijbers, 1983; Levelt, Roelfs & Meyer, 1999). The models of lexical access differ according to 
the degree of interaction between the lemma and lexeme. Those that propose a more discreet 
model of lexical access argue that the lemma selection must be completed before phonological 
encoding begins (Levelt, et al., 1999). Other theories, such as the Interactive Model (Dell, 1986) 
and Cascaded Processing Model (Caramazza, 1997), posit that during the selection of the 
lemma, some phonological information is activated for possible lemma selections. During the 
second stage of phonological encoding, some semantic-syntactic information remains activated, 
with the phonological properties of the target word increasing in activation until the point of 
selection. Though the degree of flow of activation between the lemma and the lexeme is the core 
issue debated across all lexical access models, the assertion that activation of information occurs 
in two stages has been well established (Caramazza, 1997; Dell & O’Seaghdha, 1992; Kempen 
& Huijbers, 1983; Levelt, et al., 1999).   
Lexical Factors 
 The models of lexical access account for the time course of activation of semantic  
 
and phonological information. However, there are other factors involved in how this information 
is represented and organized. More importantly, the assumed architecture of the phonological 
system can lead one to make predictions regarding the ease and accuracy of production of 
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different lexical items. This study will focus on one aspect of lexical organization, phonological 
neighborhood density. In addition, it will explore in further detail the degree to which 
phonological cues (through the presentation of “interfering words”) facilitate or inhibit word 
retrieval. 
 
Phonological Neighborhood Density 
  
The neighborhood activation model (Luce & Pisoni, 1998) proposes that words are 
organized in the lexicon according to their phonological similarity. Words differing by the 
insertion, deletion or substitution of another phoneme are referred to as phonological neighbors. 
Some words are said to come from dense neighborhoods, where many phonological neighbors 
reside (e.g., the word pin has many neighbors such as spin, in, tin). Those from sparse 
neighborhoods have few words that are phonologically similar (e.g., squirrel, which has no 
phonological neighbors).  
The evidence of the facilitative effect of dense neighborhoods is mixed. The majority of 
the studies available focus predominantly on word recognition tasks. Luce and Pisoni (1998) 
reported that recognition of words with many neighbors results in a higher error rate and requires 
longer processing time to respond. The activation of many phonological competitors inhibits 
one’s ability to access the appropriate word. Similar results have been reported for adults and 
children (Garlock, Walley, & Metsala, 2001); words with sparse neighbors facilitated the 
accuracy of recognition.  
The majority of studies that detail the influence of neighborhood density on production 
clearly demonstrate that words that have many phonological neighbors are more easily accessed.  
In addition, they are less susceptible to speech errors than words from sparse neighborhoods. 
Therefore, there is an inverse effect of phonological neighborhood density on word production 
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than what has been observed during word recognition. In word recognition studies, adults tend to 
produce more substitution errors when attempting to produce words from sparse neighborhoods, 
than those of higher density (Vitevitch, 1997; Vitevitch & Sommers, 2003). Similar findings 
were revealed in studies on adults with aphasia who present frequent speech errors (Best, 1995; 
Gordon, 2002).  In addition, Tip-of-the-Tongue (TOT) states are believed to occur more 
frequently in adults for words that are of low frequency and have few phonological neighbors 
(Harley & Brown, 1998). The TOT state resembles the word-retrieval breakdown that often 
occurs in children with SLI. This occurs with adults when there is difficulty retrieving a known 
word. Consistent with previous findings, words from high density neighborhoods are found to 
facilitate spoken word production.  
Phonological neighborhood density effects can be accounted for within models of lexical 
access (see Dell & Gordon, 2003 for full review). In interactive models, semantic nodes are 
activated during lemma access of the target word. During this time, the target words receive the 
greatest amount of activation, with phonological neighbors receiving some activation as well. 
Activation spreads from the target word to its phonemes, and all other neighboring words that 
contain these sounds. Once the syntactic properties of the target word are identified, lemma 
selection is made with activation feeding forward to phonological encoding. The most activated 
phonemes are then selected, concluding the phonological encoding stage. High neighborhood 
density is believed to facilitate production in that the phonological competitors are more limited 
during production because of the preceding lemma stage. Selection of the lemma limits the 
amount of phonologically related items. Conversely, in word recognition, all phonologically 
related neighbors are activated, increasing the difficulty in selecting the appropriate target (Dell 
& Gordon, 2003; Gordon & Dell, 2001).  
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Phonological Neighborhood Density in Children 
 Though dense phonological neighborhoods impede word recognition and facilitate word 
production in adults, the data available on children is less clear.  Consistent with the findings in 
adults, children demonstrate stronger word recognition when the target words are from sparse 
neighborhoods (Garlock, Walley, & Metsala, 2001; Metsala, 1997), and demonstrate fewer 
errors when producing words from dense neighborhoods (Newman & German, 2002; German & 
Newman, 2004). 
Children demonstrate organization of phonological similarity in the lexicon. However, 
the structure of this organization shifts throughout a child’s development. Younger children tend 
to have sparser neighborhoods in comparison to school-age children and adults. As new words 
are added to the lexicon, neighborhood density counts shift (Charles-Luce & Luce, 1995; Logan, 
1992). Words learned earlier on tend to belong to dense neighborhoods, with later learned words 
residing in sparse neighborhoods. In general, words with many phonological neighbors are 
learned more rapidly than those with few neighbors (Storkel, 2001; Storkel & Lee, 2011; 
Vitevitch & Storkel, 2013). This may be attributed to the fact that words from dense 
neighborhoods tend to be of high frequency and shorter in length than words from sparse 
neighborhoods.   
Though the earliest acquired words tend to be derived from high density neighborhoods, 
in general, the lexicons of young children (age seven and younger) tend to consist of sparsely 
populated neighborhoods, with lexical items sharing few phonological neighbors (Charles-Luce 
& Luce, 1995). This supports the notion that young children store words holistically, and only as 
they become older, do they begin to utilize a more incremental approach to segmenting words 
into smaller, phonological components. This has been demonstrated through a variety of word 
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recognition studies that have explored the sensitivity to phonological neighborhood density in 
children and adults. One of the more commonly employed word recognition paradigms- the 
gating task, entails the presentation of words in acoustic increments, or gates (Mainela- Arnold, 
Evans, & Coady, 2008).  Each stimulus item is presented with just a small portion of the 
beginning of the word, with the gates increasing as the experiment progresses. The participant 
has to guess what the word is, without having the full acoustic information presented. While 
adults tend to require more acoustic information presented for high density words than low 
density words, preschool-age children only show inhibitory effects of high density words for 
early acquired words. In general, they require larger amounts of acoustic information to be 
presented in order to recognize a word correctly (Garlock, et al, 2001; Mainela- Arnold, Evans, 
& Coady, 2008; Metsala, 1997). As children get older and transition into the school-age years, 
they demonstrate increased sensitivity to phonological neighborhood density.   
  In terms of production data, German and Newman (2004) found that lexical factors 
predicted different error types in children with and without word-finding deficits. Thus, the 
vulnerability of a lexical item during retrieval is largely influenced by factors such as word 
frequency and neighborhood density. Semantic and phonological errors were analyzed from a 
naming task performed on school-age children with SLI. The researchers determined that words 
that had many phonological neighbors were easier to retrieve than words that had few neighbors. 
Words that had few phonological neighbors were more susceptible to phonological errors during 
retrieval. When a child erred by substituting another word, the word typically was one which 
came from a dense phonological neighborhood, higher frequency, and acquired earlier than the 
target word.  
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 It is important to note that many studies that have examined neighborhood density in 
children with and without language impairments have focused their attention on word 
recognition, rather than spoken language (Garlock, Walley, & Metsala, 2001; Metsala, 1997; 
Metsala & Walley 1998). Other studies have utilized forced-choice classification tasks (Storkel, 
2002), and Communicative Development Inventories based on parental report (Storkel, 2004), 
and retrospective data (German & Newman, 2004). While recently more researchers have begun 
to examine the role of neighborhood density and the structuring of the developing lexicon 
through production data, (Metsala & Chisolm, 2010; Storkel & Hoover, 2011; Storkel, 
Bontempo, Aschenbrenner, Maekawa, & Lee, 2013) few of these studies have examined 
production while employing online techniques. In addition, many of the production studies have 
examined the role of neighborhood density in learning new or novel words, rather than on how 
familiar, already-acquired words are processed. Therefore, finer examination of spoken word 
production in children with neighborhood density as a variable has not been sufficiently 
explored. One paradigm that may be useful in examining phonological effects in word 
production is the Cross-Modal Picture-Word Interference Paradigm.  
Cross-modal Picture-Word Interference Paradigm 
  
The Cross-Modal Picture- Word Interference Paradigm (PWI) has been used to examine 
the time course of lexical access in adults and children and has been used as support for a two-
step process in lexical access (Brooks & MacWhinney, 2000; Jescheniak & Schriefers, 1998; 
Schriefers, Meyer, & Levelt, 1990; Seiger- Gardner & Schwartz, 2008; Seiger & Brooks, 2008). 
This paradigm permits a more detailed examination of the points in time during which semantic 
and phonological inhibition and facilitation occur in spoken word production. Auditory words 
are presented via headphones as primes for pictorially presented target words. These are referred 
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to as Interfering Words (IW). The IW’s are presented at varying points of time during picture 
presentation (either before, simultaneously, or after the picture is presented).  The point at which 
the IW is presented with the target picture is known as the Stimulus Onset Asynchrony (SOA).  
 To examine the time course of lexical access, the IW is varied across conditions. 
Interfering Words that are semantically, phonologically related or unrelated to the target picture 
are presented at varying SOA’s (see figure 1). Typically, semantically-related IW at early SOA’s 
(frequently presented at -150 and 0 SOA) inhibit response time, as all semantic competitors of 
the target item are activated. Conversely, phonological facilitation is noted in later SOA’s 
(+150), with no effect noted by the use of phonological IW’s in the earlier SOA’s (Cutting & 
Ferreira, 1999; Jecheniak & Schriefers, 1998, 2001; Seiger-Gardner & Schwartz, 2008). At the 
point in time at which phonological facilitation begins, activation of semantic information has 

















Figure 1. Time course of lexical access as examined by the PWI Paradigm 
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This paradigm has been successfully employed to examine phonological processing in 
children with TLD (Brooks & MacWhinney, 2000) and children with SLI  
(Seiger, 2005; Seiger-Gardner & Brooks, 2006; Seiger-Gardner & Schwartz, 2008) as well. 
Brooks and MacWhinney (2000) utilized picture-word interference to examine developmental 
changes in phonological encoding in children of ages 4;11 to 11;9 years. A great deal of 
evidence suggests that lexical items are stored and processed more holistically in young children, 
in comparison to adults (Walley, Smith, & Jusczyk 1986; Walley, 1988). Brooks and 
MacWhinney (2000) explored this further by examining response times and accuracy of picture 
naming at varying SOA’s, when the related distractor was either phonologically similar by onset 
and by rhyme. Differences in facilitative effects of onset primes versus rhyme primes would 
elucidate the phonological encoding of children of varying ages. Their results indicated that the 
lexicon of developing children undergoes a shift from more holistic representation to an 
incremental approach to phonological encoding during word production, which supports data 
obtained from word recognition studies. Only the performance in five to seven year olds was 
facilitated by rhyme, while the older children and adults demonstrated phonological facilitation 
when the IW was related by onset. 
 Most studies on children with SLI suggest that though they significantly lag in their 
language skills in comparison to their typically developing peers, their profiles often match those 
of younger children with TLD (see Leonard, 1998 and Schwartz, 2009 for reviews). These 
results have been relatively consistent across different areas of language that are vulnerable in 
children with SLI. Interestingly, in a study employing the PWI paradigm in children with SLI, a 







Seiger-Gardner and Brooks (2008) examined phonological encoding using onset and 
rhyme-related primes through PWI in 7;0 to 11;0 year old children with and without SLI . 
Similar to results yielded by Brooks and MacWhinney (2000) in children with TLD, the process 
of accessing a word in children with SLI was incremental in nature, rather than holistic. The 
prediction was that if children with SLI are similar to younger, typically developing children, 
they should demonstrate phonological facilitation in the rhyme condition, but not the onset 
condition- hence demonstrating more holistic processing of the lexical items. To the contrary, 
children with SLI did not exhibit facilitation to rhyme distractors, similar to their typically 
developing peers.  Whereas with adults and older children, no phonological effect is evident in 
the early stimulus asynchrony in the onset condition (Brooks, & MacWhinney, 2000; Cutting & 
Ferreira, 1999; Jescheniak & Schriefers, 1998, 2001), children with SLI demonstrated a 
phonological inhibition effect in the early stimulus asynchrony (-150 SA), with facilitation noted 
in the later SA (+150). Phonological priming is evident as early as the 0 SA (synchronous 
distractor) in adults and typically developing, older children, while children with SLI only begin 
to exhibit this facilitation at the +150 SA.  The phonological inhibition effect remained activated 
significantly longer than in the children with TLD. This early inhibition effect and late priming 
effect was noted in the Brooks and MacWhinney study, with their 5- 7 year old group.  
The results of the Seiger-Gardner and Brooks study parallel those found in a word 
recognition study by Mainela-Arnold, Evans, and Coady (2008). Mainela-Arnold, et al. (2008) 
manipulated phonological neighborhood density in a gating task on children with and without 
SLI. Similar to the findings by Seiger-Gardner and Brooks, they did not find differences in 
phonological processing between the groups. Both children required similar chunks of acoustic 







process words incrementally, and not holistically, as was originally predicted. However, one 
significant difference was that the children with SLI had greater difficulty committing to a word 
at significant later gates, when compared to their typically developing peers. The children with 
SLI had more lexical competitors still activated at these later gates.  
An early inhibition effect was noted in both SLI and TLD groups in a previous study 
(Seiger-Gardner & Schwartz, 2008). The authors in both studies (Seiger-Gardner & Schwartz , 
2008; Seiger-Gardner & Brooks, 2008) have pointed out issues in their stimulus selection and 
experimental design that may have played a role in their findings. These studies have not 
controlled for phonological factors, such as neighborhood density, and the degree of 
phonological overlap between the initial phonemes of the IW and target stimuli varied as well. In 
addition, previous studies examining word production in children have not examined 
phonological neighborhood density as a variable, employing an online task, which would add a 
valuable piece of information in our understanding of lexical processing in children with and 
without SLI. Based on reported results from word recognition studies, older children tend to 
show sensitivity to neighborhood effects, similar to adults. Mainela-Arnold, Evans, and Coady 
(2008) found no significant group differences between the SLI and TLD groups when 
manipulating neighborhood density in a gating task. However, these results do not necessarily 
indicate that there are no differences in phonological processing between the groups. The stimuli 
varied grammatical categories, and the paradigm itself does not permit moment-by-moment 
online processing information. 
Based on adult production data, low-density words may demonstrate greater interference 
than high-density words. Therefore, it is important to examine the effects of neighborhood 







interference/ late facilitation noted in previous studies in children with SLI. It would be useful to 
determine if the phonological processing differences noted in children with SLI could be 
attributed to differences in general organization of phonologically similar words. Employing the 
PWI paradigm will provide us with greater insight into how the lexicon is organized and 
represented, and allow us to examine phonological encoding at each moment in time.  
Purpose 
 
The current study examined the impact of phonological neighborhood density on the 
naming abilities in young adults and children with and without SLI. The Cross-Modal Picture- 
Word Interference Paradigm was employed. Whether school-age children with and without 
language impairment and adults demonstrate differences in reaction time and error rates when 
presented with low density (LD) versus high density (HD) words, and the time course of 
processing such words was explored.  In addition, we examined whether children with SLI have 
the same type of phonological information structure as children with typical language 
development and adults, by examining neighborhood density (ND) as a variable. It is possible 
that the early inhibition and late facilitation effects found in children with SLI can be attributed 
to differences in how phonological information of a lexical item is stored. It will provide a better 
understanding of how ND affects word production in typically developing children, by 
examining the full processing time of naming. To date, the time course of processing with ND as 
a variable has not been studied in adults, typically developing children, and children with 










CHAPTER 2: METHODS 
Participants 
Forty-three subjects participated in this study, and comprised three groups- 22 young 
adults, 10 school-aged children with Typical Language Development (TLD), and 11 children 
with Specific Language Impairment (SLI). The adults were all native English speakers (14 
women and eight men) between the ages of 18 to 32 years.  The children with TLD ranged in age 
from 6;5 years to 10;1 years (five girls, five boys). The children with SLI ranged in age from 
6;11- 10;2 (four girls, seven boys). 
All children met the following requirements for participation in the study: (1) 
demonstrated a nonverbal intelligence score (>85) on the Test of Nonverbal Intelligence-2 
(Brown, Sherbenor, & Johnson, 1990), (2) demonstrated no evidence or history of neurological; 
behavioral or hearing deficits.  All parents were given a questionnaire during the initial session, 
in which all pertinent information was reported. All children came from native English-speaking 
homes. The children included had no reported history of seizure disorder, brain trauma (e.g, 
traumatic brain injury or stroke) or difficulties in gait and coordination, and had passed recent 
hearing screenings. In addition, children who have been diagnosed with an autistic spectrum 
disorder (ASD) as reported by parents/ guardians, were not included in this study. The average 
age of the TLD group was 8;3 years, and the average age for the SLI group was 8; 6.  
Children in the TLD group demonstrated expressive and receptive language skills within 
a normal range (within 1 SD of the mean) based on the composite score on the Clinical 
Evaluation of Language Fundamentals-4 (CELF-4, Semel, Wiig, & Secord, 1995), and on the 
Peabody Picture Vocabulary Test- 4th edition (PPVT-4). For inclusion in the SLI group, a child 







addition, the child had to demonstrate impaired performance on at least one subtest of expressive 
and one subtest of receptive language. One child did not meet this criterion, but was included in 
the study, as he had a diagnosis of a language impairment, and was being treated by a speech-
language pathologist. A measure of receptive vocabulary skills was obtained on the Peabody 
Picture Vocabulary Test Revised (PPVT-4) (Dunn & Dunn, 1981). A summary of all test results 
























Table 1. Summary of Child Subject Ages, Gender, and Test Scores 
Group Sub Gender Age CELF- R  CELF-E CELF-T TONI PPVT 
TLD 1 F 6;5 110 112 111 115 98 
  2 F 6;11 101 98 100 115 100 
  3 M 7;3 98 98 104 95 113 
  4 F 7;8 101 98 94 103 109 
  5 M 7;11 98 110 98 83 110 
  6 M 8;5 110 116 117 85 100 
  7 M 9;5 110 115 112 89 120 
  8 F 9;10 108 87 90 102 91 
  9 F 9;10 108 108 109 100 105 
  10 M 10;1 89 106 93 103 100 
SLI 11 M 6;11 94 91 88 85 98 
  12 F 7;8 79 79 83 118 90 
  13 M 7;9 79 65 69 100 76 
  14 M 7;11 79 57 85 112 97 
  15 F 7;11 92 65 70 107 85 
  16 M 8;2 67 63 64 90 73 
  17 F 8;11 92 77 79 94 96 
  18 F 9;6 69 61 56 97 92 
  19 M 9;10 76 67 64 105 74 
  20 M 9;11 81 73 70 110 80 







































Twenty-four words were used as target items in this study, with six additional words used 
as practice items.  Words familiar to five to seven year old children were selected according to 
the norms reported by Cycowicz, Friedman, Rothstein, and Snodgrass (1997). Twenty-two of the 
words selected were from the Cycowicz, et al norms. An additional eight words with 
corresponding line drawings were added in order to increase the number of trials in this study. 
The additional words were: bee, bat (baseball bat), man, pan, box, wing, horn, and nest. The 
advantages of utilizing this familiarity scale over a frequency count are that this scale provides 
norms of children’s familiarity with items across modality, both visually and auditorally, and has 
been normed on children prior to school-age years. Black and white line drawings provided by 
Cycowicz, et al. (1997) were presented visually as the target items. 
 Interfering Words (IW) were rhymed with the target word. The 30 auditory primes and 
pictorial targets had no semantic relation and low associative strength as determined by Nelson, 
McEvoy, and Schreiber (1998), as strong lexical associates facilitate recall and retrieval, and 
may skew the results of the study (Cutting & Ferreira, 1999).   
The stimuli were divided into two categories. Twelve words were of low neighborhood 
density, and 12 were of high neighborhood density. Words with sparse and dense neighbors were 
determined by selecting monosyllabic words from the Cycowicz, et al. database (1997), and 
determining the neighborhood density of each utilizing neighborhood density counts retrieved 
from the Washington University Speech and Language Laboratory Neighborhood Density 
database (Sommers). From this initial list, corresponding rhymes, with similar density counts 







effort was made to have a list of words that met our word frequency and density criteria, 
included only monosyllabic words that were nouns, and were highly familiar to children.  
Words were omitted if they shared an onset, or were semantically similar to the related 
target word. A median density count interval was created, and words that fell within these values 
(19-25 neighbors) were eliminated. Words of high density had density values ranging from 26 to 
40. Words of low density neighborhoods had a range of five to 18 neighbors. Word frequency 
effects were controlled by ensuring that there were no significant differences between word 
frequency counts in low and high density words. A full list of neighborhood density and word 
frequency counts is provided in Appendix A. Word frequency was obtained from Washington 
University Speech and Language Laboratory Neighborhood Density database, which also 
contains the word frequency counts from Kucera and Francis (1967). A paired-samples t-test was 
conducted to compare word frequency for the high and low density words used in this study. 
There was no significant difference in word frequency for high density (M=1.55, SD= .615) and 
low density (M=1.35, SD= .704); t (11)= .800, p=.44. The words were all mid-frequency words. 
The stimuli were recorded by a female speaker. All words were digitized, normalized, 
and pseudo-randomized.  Interfering Words were presented at -750, -450, -150, +150 ms 
Stimulus Onset Asynchrony (SOA) via headphones.  Trials were separated by 4000 ms. A 
response triggered the onset of the proceeding trial. Stimuli were presented via a computer, 
through the program, E-Prime. Experimental sessions took place within one session. The SOAs 
were blocked by lists of four, with 33 target words in each list (the first trial of each list is a 










The target pictures were presented in four conditions: (1) rhyme condition- IW 
phonologically related to target word according to rhyme, (2) unrelated condition- the IW is not 
phonologically related to the target. The reaction time data obtained from this condition will 
serve as a reference point for comparison with the rhyme condition, (3) identical condition- in 
this condition, the IW is the same word as the target word, (4) neutral condition- participant is 
presented with the IW good (see Appendix B for stimuli list). 
Rhyme Condition. Words phonologically related by rhyme were presented auditorally at 
varying SOAs (e.g., target word- bear; IW- pear). Half of the target words were from dense 
phonological neighborhoods, while the other half were from sparse neighborhoods.  
Unrelated Condition. The reaction time data obtained from this condition served as a reference 
point for comparison with the phonologically- related condition (e.g., target word- bear; IW- 
hat).  
Neutral Condition. The IW was the word good. The neutral condition was compared to the 
unrelated condition in order to determine the effects of lexical competition. This condition was 
also employed by Brooks and MacWhinney (2000) and demonstrated that reaction time was 
significantly slower in the unrelated condition than in the neutral condition. 
Identity Condition. In this condition, the target word and the IW were identical (e.g., target 
word- bear; IW- bear). The RT results were compared to the neutral condition in order to 
determine how facilitative naming is when an individual is presented with the auditory label of 













Testing of adults took place during a one-hour session. Participants answered a short, 
language background questionnaire. For children, testing took place during two sessions. The 
first session involved language testing. The primary caregiver was also given a questionnaire to 
fill out with questions pertaining to the child’s medical history, language background, and 
academic history. The second session was the experimental session. At the beginning of the 
experiment, the participant received three types of practice: a practice phase introducing the 
pictures, a silent condition, and a mock experimental trial. During the practice phase, the 
participant was seated in front of a microphone and a computer monitor. He was asked to name 
the pictures that were presented on the screen. This allowed the experimenter to ensure that the 
participant could label the picture. If it was mislabeled, the correct name was provided. 
Participants were not instructed to name the items quickly during this phase. During the silent 
phase the participant was instructed to look at each picture and label the pictures as fast as he 
could. No auditory interfering stimuli were presented during the practice or silent practice 
phases. During the mock experimental trial, the participant was presented with practice (non-
experimental) target words with IWs presented auditorally. Participants were instructed to label 
the picture as fast as possible, while ignoring the IW. There were 24 trials presented during this 
final practice phase. 
All auditory stimuli were presented via headphones at 70dB SPL. Participants were told 
that they would hear a word through the headphones while seeing a picture presented on the 
screen. They were instructed to ignore the auditory stimulus, and to label the picture as fast as 
possible. They were told to avoid making extraneous sounds that would trigger the voice key. 







Testing Apparatus and Recording of Responses 
Participants’ responses were recorded via microphone connected to the voice key and 
computer. Reaction time was recorded through the E-Prime program. The voice key was 
triggered by the participant’s voice. The microphone was connected to the voice key and the 
computer. Due to the sensitivity of the voice key and microphone, any noise generated by the 
participant (such as clearing of throat) could trigger the voice key to record a response. This 
could potentially minimize the accuracy of reaction times recorded in the E-Prime program. To 
ensure accurate reaction time recording, a light- detector, which has been utilized in previous 
studies (Seiger-Gardner & Schwartz, 2008; Seiger-Gardner & Brooks, 2008) was used. A 
secondary omni-directional microphone attached to a compact disc recorder, was used to record 
responses. When a picture target was presented on the computer screen, the light detector, placed 
on the computer monitor and linked to the cd recorder, produced a pure tone. The pure tone 
continued until the picture disappeared. The pure tone for each trial was recorded onto the right 
channel of the CD recorder, with the child’s responses recorded on the left channel. All trials, 
particularly those with false starts/early triggering were then analyzed using Sound Forge 8.0 














CHAPTER 3: RESULTS 
 
Reaction Times 
The data were analyzed for reaction time (RT) and accuracy. For both, the analysis was 
conducted using subjects as the random factor and an additional separate analysis examining 
items as the random factor. Following previous studies that employed this paradigm on young 
children,
 
median RTs were obtained for each participant in each condition,
 
and group means 
were computed using the individual medians (Hanauer & Brooks, 2003; Brooks, Seiger-Gardner, 
& Sailor, 2010). Due to the skewed
 
nature of the distribution of RTs with young children, median 
RT was used as the dependent measure. 
 
All values are provided in milliseconds.  
A 4 (SOA) x4 (IWT) repeated measures Analysis of Variance (ANOVA) was conducted 
on the participants'
 





were used as the random factor. Trials for which the participants produced 
an error, stuttered,
 
or failed to make a response within 4 s were excluded from the
 
RT analysis of 
correct responses. No further trimming of the
 
data was conducted.  
Adult Data 
Subject Analysis of RTs 
Group mean RTs for correct responses under each SOA condition and Interfering Word 
Type (IWT) type are presented in Table 2.
 
The ANOVA showed significant main effects of 
SOA,
 
F1(3, 66) = 11.44, p = .0001, 
2
p =.385; F2 (3,66)= 93.927, p = .0001, indicating that RTs 
became increasingly slower in later SOAs, than in earlier SOAs (see Figure 2). There was a 
significant main effect of IWT, F1 (3,66) = 51.79, p =.0001, 
2







.0001, which demonstrated that RTs were fastest when the IWT word was the same as the target 
picture (identity condition). This was followed in order of increasing RTs, by the neutral 
(“good”), unrelated, and related conditions (see Figure 3). There was no main effect of Density 
F1 (1,22) = .68, p =.42, 
2
p =.030; ND, F2 (1,22) = .306, p = .586, but there was a significant 
interaction of Density x IWT (see Figure 4), F1 (3,66) = 9.19, p < .0001, 
2
p =.591; F2 (3,66)= 
1.232, p= .3051. Figure 5 shows the averages of median RTs in Neighborhood Density by related 
and unrelated IWs. The graph demonstrates the longer response time seen in the LD condition 
compared to HD. There was also a significant interaction of SOA x IWT, F1 (9,198) = 7.8, p < 














    
SOA 
M750   
 
    
SOA 
M450   
 
    
SOA 
M150   
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
RTs 499 537 547 564 
 
510 536 562 571 
 
552 547 598 619 
 
618 593 640 664 
Std.Dev. 72 43 53 49 
 
73 49 64 54 
 
110 86 104 96 
 
164 105 141 147 
Std.Error 11 6 8 7 
 
11 7 9 8 
 
16 13 15 14 
 







Figure 2. Adult Means of Median Reaction Times of SOAs (in ms) 
 









Figure 4. Adult Means of Median Reaction Times of Neighborhood Density as a function of 
IWT in Adults 
 





















Figure 6. Adult Means of Median Reaction Times of SOAs as a function of IWT 
 
 
Figure 7 demonstrates the mean RT differences between the Neutral Condition and the 
Identity, Rhyme-Related and Unrelated distractors as a function of SOA in high and low density 
conditions in adults. The positive differences in scores reflect degree of interference relative to 
the neutral condition, while negative scores indicate facilitation.  True facilitation was noted only 
in the Identity condition, in the earliest SOAs (-750 and -450). However, the greatest amount of 
interference of the unrelated distractor as compared to the related distractor, was evident in the 
Low Density condition (specifically at +150).    
The planned comparison for the related versus unrelated words in the two density 
conditions yielded no significant differences in the High Density conditions F1 (1,22) = 2.42, p = 
.12, however, a significant difference emerged for the Low Density conditions F1 (1,22) = 18.92, 







than in the related condition, only in the LD words. Significant differences were noted between 
the related an unrelated conditions for SOA -750, F1 (1, 66) = 13.163, p =.0004, at SOA -150, F1 
(1, 66) = 8.055, p =.005, and for SOA +150, F1 (1, 66) = 17.99, p =.001.  
Figure 7. Adult Mean RT differences (ms) between the Neutral condition and the Rhyme- 









Subject Analysis of RTs- Children 
Reaction time data of children with and without SLI were analyzed. Group mean RTs for correct 
responses under each SOA condition and Interfering Word Type (IWT) type are presented in 
Table 3.
 
All values are provided in milliseconds. There was no main effect of group, F1 (1, 19) = 
.332, p = .5712, however there was a main effect in the by-item analysis, F2 (1, 22) = 43.336, p = 
.0001. There were significant main effects of SOA, F1 (1, 19) = .332, (3, 57) = 11.041, p =.0001, 
2
p  = .696 (Figure 8), ND, F1 (1, 19) = 8.397, p = .0092, 
2
p = .306 (Figure 9); F2 (1,22) = 4. 041, 
p = .0568, and IWT, F1 (3, 57) = 21,298, p = .0001, 
2
p  = .636 (Figure 10); F2 (3,66)= 64.145, p 
= .0001. Children had increasingly longer response times during later SOAs, and the low density 
condition resulted in slower RTs.  There was a two-way interaction of SOA x IWT, F1 (9,171) = 
1.959, p =.0469, 2p =.601  (Figure 11); F2 (9,198) = 6.204, p = .0001. There were no other 
significant two or three-way interactions. 
Though no overall group effects were demonstrated, planned comparisons of the two 
groups- SLI and TLD were conducted, in order to determine if different patterns emerged in their 
RTs for related versus unrelated words, across SOAs, for high and low density words. For the 
SLI group, the planned comparison for the related versus unrelated words in the two density 
conditions, yielded no overall significant differences in the High Density conditions F1 (1,10) = 
2.378, p = .1335. However, at the early SOA of -750, the children with SLI demonstrated 
significantly faster RTs with the related condition, compared to the unrelated F1 (1, 10) = 5.218, 
p= .0247. In the low density condition, significant differences were noted between the related an 







For the TLD group, the planned comparison for the related versus unrelated words in the 
two density conditions, yielded a significant difference in the High Density conditions F1 (1, 10) 
= 4.045, p = .0544.  The TLD group was significantly faster at naming in the rhyme-related 
versus unrelated condition at two SOAs- SOA -450, F1 (1,10) = 4.692, p = .0332, and SOA 
+150, F1 (1,10) = 9.246, p = .0032. In the low density condition, significant differences were 
noted between the related an unrelated conditions for SOA-450, F1 (1, 10) = 12.016, p =.0008; 



















Table 3. Children’s Group RT Means, Standard Deviations, and Standard Errors 
Children with SLI 
 
Children with TLD 
 
 
    
SOA 
M750   
 
    
SOA 
M450 
     
  
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
RTs 743.61 873.71 904.86 1016.7  826.11 910.64 962.02 994.98  904.39 1004.5 1044.2 1111.07  994 1040.5 1162.3 1287 
Std.Dev 143.52 256.58 291.63 425.73  266.22 254.31 249.65 251.9  241.4 373.32 298.07 347.23  285.89 398.11 340.82 446.54 
Std.Err 30.6 54.70 62.18 90.77  56.76 54.22 53.23 53.7  51.47 79.59 63.55 74.03  60.95 78.48 72.66 95.2 
 
    
SOA 
M750   
 
    
SOA 
M450   
 
    
SOA 
M150   
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
RTs 697.73 848.75 849.18 909.68  769.55 883.85 879.73 1049  827.48 879.98 958.68 1053  911.4 951.5 1065 1216 
Std.Dev 168.69 352.16 248.59 279.45  239.55 378.52 272.56 528.69  233.27 196.37 271.05 374.94  293.15 289.85 283.14 357.8 







Figure 8. Means of Median RTs (in ms) of SOAs in Children  
 
 

































Figure 11. Mean RTs (in ms) of SOAs by IWTs in Children.  
 
Children with SLI 
 









Figure 12 demonstrates the mean RT differences between the Neutral Condition 
and the Identity, Rhyme-Related and Unrelated distractors as a function of SOA in high 
and low density conditions in children with SLI and TLD. The positive difference scores 
reflect degree of interference relative to the neutral condition, while negative scores 
indicate facilitation.  These figures reflect the variations in performance between both 


















Figure 12. Children’s Mean RT differences (ms) between the Neutral condition and the 












Subject Analysis of RTs- Children and Adult Comparisons 
The two groups of children were combined into one group for comparison with 
the adults. There were 21 children and 23 adults in this analysis. There was a main effect 
of group, F1 (1,42) = 48.713, p = .0001(Figure 13); F2 (1,22)= 1377.653, p =.0001,  a 
main effect of SOA , F1 (3,126) = 21.208, p =.0001, 
2
p = .629; F2 (1,22) = 206.605, p = 
.0001 (Figure 14), a main effect of ND, F1 (1,42) = 9.888, p =.0031, 
2







15); F2 (1,22)= 2.653, p =.1176, and a main effect of IWT, F1 (3,126) = 37.641, p =.0001, 
2
p =.603(Figure 16). Two-way interactions were observed of SOA x Group, F1 (3,126) = 
3.416, p =.0195, 2p = .370; F2 (3, 66) = 50.246,  p = .0001, ND x Group, F1 (1, 42)= 
7.461, p =.0092, 2p =.049, IWT x Group, F1 (3, 126) = 12.974, p =.0001, 
2
p = .311; F2 
(3, 66) = 38.503, p =.0001, and SOA x IWT, F1 (9, 378) = 3.338, p =.0006, 
2
p =.402; F2 
(9, 198) = 6.396, p =.0001. SOA x ND interaction approaches significance with p =.0568; 
F1 (3,126) = 2.576, 
2
p =.311. A three-way interaction of SOA x ND x Group was noted, 
F1 (3, 126) = 2.667, p =.0506, 
2
p =.183.  











Figure 14. Means of Median RTs across SOAs in Children and Adults 
 
















Error rates for adults, children and children versus adults were analyzed using 
mixed-design
 
ANOVAs. The error rates were determined by dividing the number of 
errors made by the number of correct responses plus errors within each condition. 
Adjustments were made if a trial was lost due to a computer error, and calculations were 
based on actual, completed trials. Proportions of errors were arcsine transformed. 
Errors by subjects- Adults 
The adjusted mean proportions of errors for each SOA condition and IW type are 
presented in Table 4. The ANOVA demonstrated significant main effects of SOA, F1 (3, 
66) = 4.985, p <.003, 2p =.394; F2 (3,66) = 7.729, p = .0002, with error rates increasing at 
later SOAs (predominantly at -750 and +150) (see Figure 17). A main effect of ND, F1 (1, 
22) = 21.170, p =.0001, 
2
p = .49, was indicated, with significantly more errors occurring 







main effect of IWT, F1 (3, 66) = 12.168, p = .0001, 
2
p = .555; IWT, F2 (3, 66)= 14.418, p 
= .0001 (Figure 19), with the fewest errors occurring during the identity condition. There 












Table 4. Proportion of errors per Stimulus Onset Asynchrony (SOA) and Interfering Word type (IW) in Adults
 
    
SOA 
M750   
 
    
SOA 
M450   
 
    
SOA 
M150   
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
Errors 0.005 0.023 0.032 0.022 
 
0.014 0.023 0.02 0.03 
 
0.009 0.048 0.027 0.051 
 
0.016 0.04 0.062 0.047 
Std.Dev. 0.02 0.04 0.045 0.028 
 
0.033 0.036 0.03 0.04 
 
0.22 0.05 0.024 0.048 
 
0.031 0.037 0.081 0.039 
Std.Error 0.004 0.008 0.009 0.006 
 
0.007 0.007 0.01 0.008 
 
0.004 0.01 0.005 0.01 
 




























Error Analysis- Children 
 
An analysis of errors by subjects in children demonstrated a main effect for ND, F1 (1, 
19) = 13.178, p = .0018,  2p  = .212 (Figure 20), and a main effect of IWT, F1 (3, 57)= 31.826, p 
= .0001, 2p = .805 (Figure 21); F2 (3, 66)= 21.147, p = .0001. Children produced more errors in 
the LD condition, than in the HD. There was no main effect of group in the by-subject analysis, 
F1 (1, 19) = 2.492, p = .131, 
2
p  = .212, however a main effect emerged in the by-item analysis, 
F2 (1, 22) = 19.622, p = .0002. A significant two-way group interaction of ND x Group was 
evidenced F1 (1, 19) = 4.636, p =.04; F2 (1, 22) = 5.893, p =.0238, as was an interaction of SOA 
x IWT, F1 (9, 171) = 2.35188, p =.02, 
2
p =.508 (Figure 22); F2 (9, 198) = 2.704, p =.0055. For 
both groups there were fewer errors produced for HD words than LD words, however, the 
children with SLI produced significantly more errors when labeling LD words over HD. No 
other significant two-way or three-way interactions were noted. Figure 23 demonstrates the mean 







which can be used as points of comparison to the RT data. In addition, a full table of proportion 
of errors (Table 5) for SOA and IWT can be found below.







Table 5.  






    
SOA 
M750   
 
    
SOA 
M450   
 
    
SOA 
M150   
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
Errors .027 .064 .125 .087  .03 .102 .087 .133  .057 .11 .083 .136  .011 .08 .098 .129 
Std.Dev. .065 .072 .111 .087  .061 .112 .113 .122  .07 .159 .1 .122  .029 .079 .105 .133 
Std.Error .014 .015 .024 .019  .013 .024 .024 .026  .015 .034 .021 .026  .006 .017 .022 .028 
 
    
SOA 
M750   
 
    
SOA 
M450   
 
    
SOA 
M150   
 
    
SOA 
P150   
  Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel   Ide Neu Rel Unrel 
Errors .017 .037 .054 .054  .029 .033 .063 .087  .029 .058 .087 .054  .012 .037 .112 .137 
Std.Dev. .044 .079 .073 .056  .041 .057 .090 .095  .049 .086 .099 .068  .031 .069 .087 .130 








Figure 20. Proportion of Errors by Function of Neighborhood Density between Children with 
TLD and Children with SLI 
 





























































































Error Analysis- Children versus Adults 
 
Proportions of errors were compared between the children and adults. There was a main 
effect for group, F1 (1,42) = 13.471, p = .0007 (Figure 24); F2 (1,22) = 25.652, p = .0001, for 
SOA,  F1 (3,126)= 4.675, p =.0039; F2 (3,66) = 6.514, p = .0006, for ND, F1 (1,42)= 22.957, p 
=.0001; F2 (1,22) = 4.984, p =.0361, and by IWT, F1 (3,126) = 34.625, p =.0001 (Figure 25); F2 
(3, 66) = 22.703, p = .0001. Significant two-way interactions of IWT x Group, F1 (3, 126) = 
7.973, p = .0001; F2 (3, 66) = 7.003, p =.0004, and SOA x IWT, F1 (9,378) = 2.907, p =.0024; F2 
(9, 198) = 3.084, p =.0017. There were significant three-way interactions of SOA x ND x Group 
F1 (3, 126) = 2.665, p =.0508 (Figure 26); F2 (3, 66) = 3.788, p =.0143, and of SOA x ND x 
IWT, F1 (9, 378) = 2.076, p =.0308. No other significant two-way or three way interactions were 
observed.  

































































CHAPTER 4: DISCUSSION 
The purpose of this study was to examine how adults and school-age children with and 
without SLI process high and low density words during a naming task. The PWI paradigm was 
utilized in order to examine timing differences and degrees of sensitivity to interfering words at 
different points of time in the picture naming process. The predictions were that adults and 
children with TLD would show overall speeded responses to high density words versus low 
density words, and greater error rates on low density items. In addition, we were interested in 
investigating whether children with SLI demonstrated similar phonological organization within 
their lexicons as their typically-developing, age-matched peers. Though school-age children with 
SLI have demonstrated that they utilize an incremental approach to word generation, there 
remains some evidence which suggests instability in the structure of their lexicon (Maniela-
Arnold, Evans, & Cody; Seiger-Gardner & Brooks, 2008). Employing phonological 
neighborhood density as a variable provided an opportunity to examine the overall processing 
and organization of the lexicon in these three groups.  
Reaction Time Patterns 
For adults, the results demonstrated no main effect for density in the reaction time data. 
The lack of main effects in adults could be attributable to the use of rhymes as the 
phonologically related words (see below for a more detailed discussion). An interaction between 
IWT and ND revealed that when the system was taxed, rhymes as interfering words produced a 
less inhibitory effect than the unrelated words, in the low density condition only. Overall, rhymes 







however the interaction demonstrated that rhymes showed significantly less interference in the 
LD condition, in three SOAs (-750, -150 and +150).  
A similar pattern in main effects for IWT and SOA for reaction time was observed in 
children. The RTs increased as IWs were presented at later SOAs. Though the two groups 
demonstrated no significant group effects in RT, it is important to note that group effects were 
noted in the item-based analyses for both RTs and accuracy. Subtle group differences emerged in 
the planned comparisons, and are detailed below. Given the small size of the groups, the lack of 
main effect for group may be attributable to insufficient power.   
Consistent with previous studies, adults were faster than children (Kail, 1991, 1992; Kail 
& Hale, 1994).  When children were collapsed into one group and compared to the adults, both 
demonstrated an SOA x IWT interaction, with faster RTs noted for the related condition 
(compared to the unrelated) both early on at SOA -750 and late at -150. While adults showed no 
facilitation across SOAs for the HD condition, they demonstrated early facilitation at SOA -750, 
and again at SOAs -150, and +150 (late SOA) (see Figure 7). While the expectation was that the 
TLD group would perform similarly to the adults, the TLD children demonstrated facilitation 
across several SOAs in both the high and low density conditions. They were, as a whole, faster 
with HD words than LD words, however they demonstrated significant differences in their RTs 
in the rhyme- related condition (as compared to the unrelated), at -450 and +150 SOAs, in the 
high density condition, and faster RTs at -450, -150, +150 SOAs in the low density condition. 
Children with SLI only demonstrated this early facilitation in the HD condition and 
demonstrated late facilitation (SOA +150) in the LD Condition. Typically, phonological 







(Brooks & MacWhinney, 2000; Hashimoto & Thompson, 2010; Meyer & Schrieffers, 1991; 
Seiger & Schwartz, 2008; Schriefers et al. 1990).  However, there have been discrepancies in the 
literature on if and when this phonological facilitation effect can be seen in lexical access.  
Starreveld (2000) hypothesized that early phonological facilitation would be present 
when auditory distractors were used, only when the SOAs were counterbalanced by blocks. 
When subjects were run through the early SOA blocks first, no early facilitation was observed, 
as the participants did not yet have an opportunity to utilize strategic planning by determining the 
relationship between the distractor and the picture. He concluded that when phonological 
facilitation is observed in early SOAs, it could be reflective of strategic planning on part of the 
participant due to having had exposure to the task as well as having drawn a relationship between 
the words and the interfering stimuli. One could argue that this could account for the minimized 
interference effects of the related versus the unrelated condition in the early SOA (-750) for 
adults. However, this argument is more difficult to support with children with SLI. The SLI 
group in this study demonstrated facilitation in the early SOA as well, in the HD condition. 
Children with SLI have been shown to have metalinguistic deficits (Lum & Bavin, 2007), which 
would make strategic planning less likely to be seen in this group.  Previous studies have also 
demonstrated that children with SLI tend to show early phonological inhibition effects, where the 
related condition was significantly slower than the unrelated condition in early SOAs (Seiger-
Gardner & Schwartz, 2008; Seiger-Gardner & Brooks, 2008). They attributed this to either a 
reflection of a slow decay rate in children with SLI, or to the influence of other lexical factors 
that were not controlled for in those studies. In addition, though the SOAs were presented in 
blocks, the order of SOA presentation was randomized across subjects. Jescheniak & Schriefers 







that they are least likely attributable to strategic planning, but rather some other component of 
picture naming. Follow-up studies demonstrated phonological facilitation across several SOAs, 
when the onset of the related distractors overlapped by initial consonant + vowel (Jerger, Martin, 
Damian, 2002; Staareveld, 2000). The conclusion to these studies was that the more 
phonological similarity between the auditory distractor and the target word, the more activation 
would be observed of the target phoneme, thus leading to early facilitation. In the case of the 
present study, though the distractors were related to the target items by rhyme, this large overlap 
in phonemic similarity between the two items, may have resulted in this early facilitation. What 
remains unclear is why this effect was not present in the TLD group. These mixed results 
demonstrate both the complexity of interpreting the time course of lexical access, particularly 
with respect to phonological processing, and the sensitivity of this paradigm to any modifications 
in variables. These discrepancies may support the notion that despite general agreement of a two-
step process to lexical access (activation of the lemma followed by the lexeme), the process may 
be more interactive and less discrete than some postulate (Jerger, et.al., 2002; Jescheniak & 
Schrieffers, 2001; Staareveld, 2000).  
 One additional consideration is that the SOAs we used began earlier than those in other 
studies. Our “earliest SOA was at -750 ms before the onset of the picture, while others have 
reported their SOAs at SOA -300 or -150. Providing a window earlier in processing, allowed us 
to look at the time course of phonological processing through a more extended period.  One 
question we had was whether the early phonological inhibition effect that the SLI groups have 
demonstrated at early SOAs could be attributed in some way to phonological neighborhood 
density SOAs (Seiger-Gardner & Schwartz, 2008; Seiger-Gardner & Brooks, 2008). However, 







IWs are phonologically related by onset to the target word, rather than rhyme. This effect was 
also only present in the onset condition, but not the rhyme in the study by Seiger-Gardner & 
Brooks (2008). The assumption is that the decay rate for phonological activation is so rapid, that 
the IW must occur at the time of presentation of the target or immediately after it, in order for the 
phonological facilitation effect to be observed. However, utilizing such an early SOA along with 
rhymes as the related distractor has not been done in previous studies. It is possible that in this 
study, the fact that the SLI children had the benefit of having more phonological similarity of the 
rhyme-distractors, allowed for this early facilitation to occur, when naming a set of words that 
would be presumably “easier” to name due to its high familiarity and ND count.     
 Given that the phonologically-related distractors were related by rhyme and not onset, 
the absence of strong facilitative phonological effects often seen in other studies, was to be 
expected (Brooks & MacWhinney, 2000; Meyer & Schrieffers, 1991). The current study 
attempted to isolate highly familiar (to children) high and low density words of the same 
grammatical category (nouns), while holding word frequency constant. While we initially 
attempted to incorporate words related by onset as well, due to the other variables we attempted 
to control for, it was difficult to develop a comparable list of words related by onset, that would 
meet all of our criteria for inclusion in the study. In addition, the inclusion of rhymes was 
important as it provided evidence of how adults and children rely on larger segments of 
phonological information, when the system is taxed (as found in the low density conditions). 
Typically, phonological onsets have been used as the related words, and older children and 
adults, tend to demonstrate phonological facilitation predominantly with onset-related distractors 
(Brooks & MacWhinney, 2000; Seiger-Gardner & Schwartz, 2008; Seiger & Brooks, 2008). 







children and adults, in contrast to onset-related IWs. However, despite this, and similar to the 
results by Meyer & Schrieffers (1991), we found that overall the rhyme- related IWs resulted in 
faster naming, with greatest interference of unrelated IWs noted at later SOAs.   
For the adults, no differences were noted between the unrelated and related condition in 
the high density condition. However, in the low density condition, greater interference was noted 
in the later SOAs, suggesting that they were utilizing the rhymes to facilitate production. This 
difference, noted in the LD condition for adults, reflects the difficulties that low density words 
pose during naming as compared to high density words. As this effect is typically absent when 
utilizing rhymes as IWs in adults, we can infer that when encountering a word from a sparse 
phonological neighborhood, where the phonological representations may be less detailed, adults 
benefit from, and utilize a more holistic approach to generating a word. In addition, adults 
demonstrated a significant main effect of neighborhood density for errors, producing more errors 
on low density words. Previous studies have found that adults tend to produce high density 
words faster and more accurately than low density words (Vitevitvh, 1997; Vitevitch & 
Sommers, 2003; Vitevitch & Storkel, 2013). Though the results of the adult data demonstrated 
significantly more errors for low density words, and reaction time differences only noted in the 
interaction of SOA and IWT, overall, the results seem to support previous studies. Word 
frequency interacts significantly with phonological neighborhood density, with predominantly 
high frequency words populating dense neighborhoods, and low frequency words residing 
mainly in sparse neighborhoods (Luce & Pisoni, 1998). In this study, we attempted to hold 
frequency constant, using mid-frequency words. There were no significant differences in word 
frequency between the low and high density words. Most studies have either not carefully 







and low density/low frequency. This may possibly contribute to the more pronounced differences 
in neighborhood density typically seen in adult production data. 
The children in this study demonstrated significant differences in reaction time and errors 
for neighborhood density. Due to the lack of group differences noted between the SLI & TLD 
children in their productions of high and low density words, it can be argued that both groups 
demonstrate similar structure and organization of phonologically similar words. However, when 
we examined the RT differences between the IWs and the neutral condition, we see different 
processing trends emerge for each group (Figure 12). The TLD group appears to demonstrate 
greater benefits from hearing a rhyme-related word in the low density condition, than the 
children with SLI. They demonstrated considerably faster RTs in the rhyme-related condition in 
SOAs -450, -150, and +150. This may suggest that children with TLD, when faced with the 
lexical-processing challenges imposed by low density words, utilize whole-word processing, to 
facilitate word naming when the IW was rhyme-related. Conversely, in the low density 
condition, the SLI children do not demonstrate the facilitation of the rhyme-related words until 
later in the process (SOA +150). The adults and TLD group show this facilitation peaking earlier 
(SOA -750 for adults, and SOA -450 for children). This may be reflective of the slower 
processing reported in children with SLI (Seiger & Schwartz, 2008), where facilitation effects 
occur at later SOAs compared to TLD children. The benefit of having the rhyme-related 
interfering word in the LD words, was much more prominent with the adults and TLD children, 










For the children, it was the errors which distinguished the SLI from the TLD group, 
similar to the findings by Seiger-Gardner & Brooks (2008). The children with SLI produced 
significantly more errors than the TLD group, and both groups demonstrated more errors on low 
density words than high density words. Seiger-Gardner & Brooks (2008) found that children 
with SLI produced greater errors on rhyme-related words than on unrelated. They posited that 
children with SLI may not maximize the benefit of utilizing an incremental approach to word 
generation, and that their higher error rates, particularly with rhyme-related IWs, may suggest 
some instability within their phonological system. When the types of errors were examined 
between the SLI and TLD groups, The errors for the TLD group were largely attributed to 
missed trials, while the concentration of error types in the children with SLI, were either 
phonologically related to the target item, or hesitations in production (e.g, co-co-coat). These 
error types were observed across children in the SLI group. In contrast, in this study, the SLI 
children had more errors in the unrelated condition than in the related. The TLD group showed 
no differences in accuracy across conditions.  
Phonological Neighborhood Density and Lexical Restructuring 
 One main question of this study was to determine whether or not children with SLI 
demonstrate the same organization and structure in their lexicon as children with TLD. The 
mental lexicon of young, typically developing children tends to be sparsely populated. As they 
acquire new vocabulary, the phonological structure and representations within words become 
more detailed (Charles-Luce & Luce, 1995). This leads to clustering of words according to 







lexical deficits in children with SLI are rooted in an underspecified phonology, the expectation 
would be that they would not demonstrate a marked distinction in their processing of low versus 
high density words.  
 Results of word recognition studies performed on young children have revealed that in 
early lexical development, children tend to represent and consequently process words holistically 
(Metsala, 1997; Treiman & Breaux, 1982; Walley, 1993). Segmental restructuring of words 
occurs as the child’s vocabulary increases, thus requiring more phonologically detailed 
representations in order to distinguish words from other, phonologically similar words. As a 
result, as children mature and their lexicon continues to develop, they transition from holistic 
lexical representations, to utilizing more incremental approaches in lexical processing. This 
phenomena has been reported both in word recognition studies as well as some, word production 
studies (Brooks & MacWhinney, 2000; Gray, Reiser, & Brinkley, 2012; Seiger-Gardner & 
Brooks, 2008). This transition is said to occur, “… not in an all-or-none, system-wide fashion, 
but rather on an item-by-item basis (Metsala, 1997).”  
 The current study examined the role of neighborhood density in picture naming. Due to 
the need to create a list of target words that met our criteria for inclusion, such a mid-frequency, 
highly familiar, mono-syllabic nouns, as well as wanting to pair IWs with target items based on 
the same neighborhood density (HD paired with HD; LD paired with LD), we ultimately had a 
list of words that were phonologically related by rhymes. The prediction was that adults might 
not show priming effects for the rhyme, as they typically only show sensitivity to onset-related 
distractors, due to incremental processing (Brooks & MacWhinney, 2000; Seiger-Gardner & 
Brooks, 2008). However, the instability of low density words was evident in the faster RTs when 







more phonological overlap between the IW and target word, in order to facilitate naming of LD 
words. Storkel (2002) argued that adults may continue to have less detailed representations in 
sparse neighborhoods and suggested that further examination into the lexical structure in adults 
be conducted. While this study did not add more information regarding the integrity and details 
of the phonological representations of low density words in adults, it did demonstrate the 
vulnerability of even highly familiar low-density words during production. When placed under 
specific constraints of time to ensure speeded responses, and simultaneously listening to 
competing words, the adults benefitted from hearing holistically similar distractors, and overall 
demonstrated less accuracy with the low density items. Future research which examines more 
specific phonological factors, such as the role of phonotactic probability in a similar task, may 
provide more information on this issue. 
 The children in this study surprisingly showed decreased lexical competition with rhyme 
related distractors in both the high and low density conditions. Adults only demonstrated this 
effect in the low density condition. It was predicted that the children with TLD would perform 
similar to adults, and children with SLI would demonstrate greater facilitation of rhymes, with 
minimal differences in performance between high and low density words. The expectation was 
that the SLI group would not show pronounced differences between the high and low density 
words because we presumed that they might not group words according to phonological 
similarity. However, the results show that LD words were named slower and more prone to error 
for both groups, compared to high density words. In addition, the decreased interference effects 
on the rhyme related words compared to the unrelated were noted at various points for both the 
high and low density conditions for both groups. The notable difference in the patterns of RT 







demonstrated a more pronounced facilitation effect in of the rhyme-related items versus the 
unrelated as compared to the SLI group. The SLI group, despite showing some phonological 
facilitation, did not demonstrate notable differences in the RT patterns between the low and high 
density conditions.  
 The first question we must ask is if school-aged children do not typically demonstrate 
rhyme-facilitation effects in the PWI paradigm, why did the TLD children demonstrate it in this 
study? There are a variety of reasons why this may have been the case. Word frequency and 
phonological neighborhood density are very highly correlated. In order to try to avoid the 
potential role that word frequency could play in the participants’ performance, mid-frequency 
words were selected, with no word frequency differences demonstrated in the low and high 
density target items. Though these words were highly familiar, and a practice phase was 
employed, it is possible that usage of mid-frequency words required additional resources to 
facilitate retrieval for these children. Hence, we saw some holistic processing even in the high 
density conditions. Another possibility pertains to how the lexicon is restructured. The Lexical 
Restructuring Model (Metsala & Walley, 1998) postulates that high density words tend to 
undergo greater restructuring than low density words, due to their overwhelming similarity to 
other words. The exact time when restructuring tapers off or plateaus, is not known, however, 
some evidence indicates it is usually by age seven. The children in this study ranged from age 
6;11-10;1, and were expected to perform similarly to adults. However, if the transition to 
segmental restructuring is posited to occur on an item-by-item basis, the selectivity of items for 
this study may have tapped into specific words that rely more on holistic representations. It is 
possible that lexical and phonological factors have not been explored sufficiently in the past 







the lexicons in school-age children are still undergoing some restructuring. In order to better 
support this hypothesis, it would be beneficial in the future to add more children to the study, and 
perhaps have age-matched controls that differ in fewer months (+/-3) (the current study differed 
by 6 months), and vocabulary matched controls. In addition, a useful comparison for future 
studies, which would provide a fuller picture of phonological organization of the lexicon from 
childhood into adulthood, would be to examine the differences between onset and rhyme- related 
distractors, while manipulating phonological neighborhood density. 
Storkel (2002) proposed that a weak restructuring account could account for performance 
differences across tasks, whereby sensitivity to certain conditions (like rhyme overlap) could be 
demonstrated in populations in which they are least expected.  The weak restructuring account 
allows for flexibility in interpretations of the variability in performance on various lexical 
processing tasks. It takes into account not only the linguistic or developmental constraints of an 
individual, but also the task constraints, as a factor in performance. Strong restructuring accounts 
offer a more restrictive, discrete view of the restructuring of words in phonological 
neighborhoods.  
The second question to address in our results is what did the performance of the children 
with SLI in this study tell us about the structure and phonological representation of their lexicon? 
The SLI group performed similarly to the TLD group in terms of reaction time. However, the 
children with TLD demonstrated differences in the magnitude of sensitivity to rhyme-related 
items in the LD condition. Similar to the TLD group, the SLI group demonstrated evidence of 
holistic processing of words through the rhyme facilitation noted in both high and low density. 
The only group who showed an incremental approach to word generation was the adult group in 







areas: 1) whereas the TLD group and adults benefited more from rhyme related distractors in the 
LD condition than in the HD condition, the only difference for the SLI group was in the timing 
of when the facilitation occurred and 2) they produced significantly more errors than the TLD 
group.  Regarding the first point, the similarity in performance for the SLI group across density 
conditions, may indicate that the distinction of sparse and dense neighborhoods may not be as 
well represented or distinct in their lexicon. We saw that with the TLD group, the rhyme related 
prime provided more of a facilitative effect for the LD words, similar to adults. We have to view 
this conclusion with caution, as the subject size, and the high variability in reaction times could 
have impacted these results. Secondly, we saw that overall what distinguished the SLI group 
from the TLD group was the number of errors that they produced. They produced more errors 
that the TLD children overall, with markedly more errors in the LD condition than the TLD 
children displayed. These findings may indicate that children with SLI may demonstrate fine 
differences in the phonological representation and structure of their lexicon compared to children 
with TLD. Similar to the findings of Mainela-Arnold, et al. (2010), the children with SLI do 
show a distinction between low and high density words (as evidenced by their error rates), 
however, they did show patterns that differed from the children with TLD.  
Summary 
 This study explored the structure and organization of the lexicon in adults, and children 
with and without specific language impairment. The results demonstrated that low density words 
resulted in more frequent errors across all three groups. The low density words are believed to 
contain less detailed representations, particularly for the adults and TLD group, as evidenced by 
the decreased inhibitory effect of rhyme related words, in the LD condition. In addition, the 







restructuring may extend beyond 7 years of age. In general, though the SLI group did not exhibit 
RT differences compared to the TLD group, their greater error rates and differences in how 
rhyme-related IWs affected their picture naming, suggests that children with SLI may not have 
as detailed phonological representations of lexical items as the TLD children. In addition, they 
may have difficulty efficiently utilizing phonologically similar items that could improve their 
performance.  
 The fact that adults and typically developing children demonstrated sensitivity to rhyme-
related interfering words, (in the low density condition for the adults, and in both conditions for 
the TLD group), was significant in that it further supports the notion proposed by Metsala & 
Walley (1998), that lexical restructuring is an ongoing process, that can extend well past the 
early school-age years. For the children with SLI, the most marked difference was in their results 
was how minimally they utilized the rhyme-related distractors to boost to facilitate production, in 
comparison to the adults and the TLD group. Whereas the adults and TLD group demonstrated 
significantly faster naming across several SOAs in the Adult and TLD group, the children with 
SLI demonstrated facilitation at the latest SOA (+150ms) in the low density condition only. 
While they demonstrated early facilitation in the high density condition (at -750ms), the trade-off 
was a higher error rate at that SOA, in comparison to other SOAs. The main findings of this 
study not only have implications for how holistic processing may continue into adulthood for 
low density words, it also highlighted difficulties that children with SLI have in utilizing 
















key 29 1.96379 
bee 35 1.11394 
man 26 3.09272 
pan 31 1.20412 
hat 34 1.75587 
bat 40 1.25527 
pear 26 0.778151 
bear 26 1.76343 
coat 31 1.64345 
boat 32 1.88081 
cake 26 1.11394 
rake 30 1.04139 







box 5 1.86923 
fox 8 1.20412 
house 7 2.77887 
mouse 14 1 
scale 10 1.85126 
snail 5 0 
clown 12 0.477121 
crown 10 1.30103 
swing 12 1.39794 
wing 18 1.32222 
chest 13 1.74819 













Appendix B. Stimuli List  
 
high density  related unrelated good identical 
key bee pan good key 
bee key man good bee 
man pan bee good man 
pan man key good pan 
hat bat bear good hat 
bat hat pear good bat 
pear bear bat good pear 
bear pear hat good bear 
coat boat rake good coat 
boat coat cake good boat 
cake rake boat good cake 
rake cake coat good rake 
low density  related unrelated good identical 
box fox mouse good box 
fox box house good fox 
house mouse fox good house 
mouse house box good mouse 
scale snail clown good scale 
snail scale crown good snail 
clown crown scale good clown 
crown clown snail good crown 
swing wing nest good swing 
wing swing chest good wing 
chest nest wing good chest 
nest chest swing good nest 
Practice related unrelated good identical 
nose rose chair good nose 
rose nose square good rose 
chair hair nose good chair 
hair chair rose good hair 
corn horn moon good corn 
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